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Shear Behaviors of Light-gauge Composite Walls under 
Monotonic and Cyclic Loading 
Yuanqi LI1, Fei LIU2, Zuyan SHEN1, Xingyou YAO2 
Abstract 
Shear properties of cold-formed thin-walled steel composite walls are af-
fected by many factors, including the section of light-gauge studs, the space 
of self-drilling screws, the panel on both sides of wall, the distribution of 
hold down device, etc, which makes it is difficult to estimate the shear 
strength. In this paper, twelve Q345 light-gauge composite wall specimens 
with a dimension of 2400mm wide and 3000mm high were designed for 
shear capacity test. Two kinds of panel combination in the specimens were 
considered, one is gypsum board on one side and OSB board on another 
side, the other is gypsum board on one side and corrugated steel sheet on 
another side. In order to understand the effect of opening holes in the wall 
on the shear behavior, three kinds of opening patterns, i.e., window open-
ings of 600X1200 mm and 1200X1200 mm, and door openings of 1200 
X2100 mm were simulated in the tests. It was shown that, the main failure 
modes of the test specimens were local fragmentation of gypsum boards, 
shear buckling of corrugated steel sheets, and yielding of end stud near the 
bottom. Based on the test data, lateral stiffness, shear strength, displacement 
ductility and energy dissipation coefficient of the composite walls under dif-
ferent loading conditions were studied. Finally, based on domestic and for-
eign research achievements, analysis method of shear strength of the light-
gauge composite walls considering opening under monotonic and cyclic 
loading was investigated, and design methods for horizontal shear resistance 
and aseismic design were proposed. 
Introduction 
Cold-formed thin-walled steel structures are widely used in foreign coun-
tries, such as the United States, Japan, Australia, etc. The low-rise cold-
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formed thin-walled steel structures also come into use in China recently, and 
the market application prospect is broad, it is necessary to carry out syste-
matic researches on design theory and method of this new structure system. 
Currently, building structures in China mainly use Q235 and Q345 or iden-
tical steel material, the Technical code of cold-formed thin-walled steel 
structures (GB50018-2002) is primarily concerned with these two kinds of 
steel material, and it prescribes that the thickness of main load-bearing 
members is between 2~6mm. Composite walls composing of open c section 
studs and coated panels (gypsum board, oriented strand board, rib corru-
gated sheet, etc.), are the main load-bearing structure components of this 
new structure system. The shear properties of light-gauge steel composite 
walls are affected by many factors, including the cross-section of keel studs, 
spacing of self-tapping screws, the panels on both sides of wall, the distribu-
tion of hold down devices, which makes it is difficult to estimate the shear 
strength.  
Cold-formed thin-walled steel structures are widely used in foreign 
countries, such as the United States, Japan, Australia, etc. The low-rise cold-
formed thin-walled steel structures also come into use in China recently, and 
the market application prospect is broad, it is necessary to carry out syste-
matic researches on design theory and method of this new structure system. 
Currently, building structures in China mainly use Q235 and Q345 or iden-
tical steel material, the Technical code of cold-formed thin-walled steel 
structures (GB50018-2002) is primarily concerned with these two kinds of 
steel material, and it prescribes that the thickness of main load-bearing 
members is between 2~6mm. Composite walls composing of open c section 
studs and coated panels (gypsum board, oriented strand board, rib corru-
gated sheet, etc.), are the main load-bearing structure components of this 
new structure system. The shear properties of light-gauge steel composite 
walls are affected by many factors, including the cross-section of keel studs, 
spacing of self-tapping screws, the panels on both sides of wall, the distribu-
tion of hold down devices, which makes it is difficult to estimate the shear 
strength.  
Reliable aseismic behaviour of whole structure should be ensured in 
promotion process of this new cold-formed thin-walled steel residential 
building system in China, as the key members of lateral resistant structure 
system, light-gauge composite wall is the emphasis object for investigation, 
some relevant researches were carried out on the shear properties of compo-
site walls abroad, such as L.A.Fülöp and D.Dubina (2004), Tae-Wan Kim 
(2006), Hassan Moghimi (2008), Lei Xu (2006) , Reynaud Serrette (2009), 
Jörg Langea(2006), Raffaele Landolfo (2006). The model test and theoreti-
cal analysis also began in our nation, such as Zhou Tian-hua (2006), Zhou 
Xuhong (2006), Guo Lifeng (2004), Nie Shaofen (2006), Guo Peng (2008). 
However , the test specimens were mainly standard walls without opening, 
the influence of opening on composite shear walls was studied by Xiong 
Zhigang (2008) and Li Bin (2008), the test applied monotonic loading 
scheme, cyclic loading on hysteretic characteristics of composite shear walls 
400
  
with openings were seldom seen in domestic study. Tongji University coo-
perated with Shanghai Best Steel Group, carried out experimental investiga-
tion on shear behaviour of Q345 cold-formed thin-walled steel composite 
walls with different conformation and opening sizes. Based on testing re-
sults, aseismic performance of composite walls were studied, and design 
method for shear walls considering openings was proposed.  
Experimental investigation 
The purposes of this experiment were: (1) studying the hysteretic perfor-
mance of composite walls under monotonic and cyclic loading, and finding 
out the degradation regulation of strength and stiffness. (2) gaining the 
quantitative indexes for aseismic behaviour of composite walls; (3) investi-
gating the design method for shear strength of composite wall with opening.  
Test specimens 
Twelve composite wall specimens were designed and supplied by Shanghai 
Best Steel Group, which had the same dimension and conformation as prac-
tical engineering. The wall specimens were divided into two groups accord-
ing to conformation of coated panels, i.e., specimens of first group with 
OSB board plus gypsum board, specimens of second group with ribbed cor-
rugated steel sheet plus gypsum board. The group and opening sizes of spe-
cimens, and loading scheme was shown in table 1. 
The material of steel keel was Chinese standard Q345 and wall stud 
section was C9008, the standard space of wall studs was 600mm.The di-
mension of gypsum board was 2.4m height, 1.2m width and 12mm thick-
ness; the dimension of OSB board was 2.44m height, 1.22m width and 
12mm thickness; the dimension of rib corrugated sheet was 2.4m height, 
1.2m width and 0.5mm thickness. Due to limitation of panel size, the coated 
panels should be cut to fit the inner steel keel, and they were connected to 
steel frame by self-tapping screws, the spaces of connected screws were 
150mm in borderline and 300mm inside. The hold-down devices were set at 
both side wall studs with M16 bolts and connected to web of studs. 
The opening sizes were considered in design of composite wall speci-
mens, specimens 4 to 9 were walls with openings of different  width, height 
and position; specimens 10 to 12 were walls with another typical panel con-
struction form. The vertical load was basing on completed two floor full 
scale shaking table test model, the load level of 2.4m width wall was 20kN. 
The typical composite wall specimens with openings were shown in Fig 
1(a), (b), the cross section of wall stud was shown in Fig 1 (c).  
Table 1 Composite wall specimens 
Specimen 









SW1 Q345 steel — monotonic 20kN 
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SW2 2400 width X3000 mm 
height 
column section: U9008 
panel :12mm gypsum board  
   12mm OSB board 
— monotonic 20kN 
SW3 — cyclic 20kN 
SW4 600X1200 monotonic 20kN 
SW5 600X1200 monotonic 20kN 
SW6 600X1200 cyclic 20kN 
SW7 1200X1200 cyclic 20kN 
SW8 1200X2100  (middle) cyclic 20kN 
SW9 1200X2100 (side) cyclic 20kN 
SW10 Q345 steel 
2400 width X3000 mm 
height 
column section: U9008 
Panel :12mm gypsum board  
   0.5 mm OSB board 
— monotonic 20kN 
SW11 — cyclic 20kN 







     
(a)  Window opening                            (b) Door opening                            (c)  Stud section 
       Fig.1 Structure specimens 
Material property 
The steel keel of wall specimens was Chinese standard Q345, the thickness 
of wall stud section was 0.8mm, mechanic tests were carried out on the four 
sheet samples, the elastic modulus, yield strength, ultimate strength and 
elongation was gained through material tension test, the results were shown 
in table 2. 
Table 2 Mechanic property of Q345 sheet 
Specimen 
number 
fy (MPa） fu (MPa） Elongation (%) E（x105MPa) 
MS08-1 439.49  530.40  28.60  1.945  
MS08-2 452.65  521.60  30.86  1.852  
MS08-3 445.89  525.800 30.66  2.201  
MS08-4 454.59  520.46  31.00  2.107  
Average value 448.15  524.57 30.28  2.026  
Standard variation 5.95  3.91  0.98 0.136 
Variability coefficient 0.013  0.008 0.032 0.067 
The above test showed that: (1) For the sheet with thickness less than 
2mm, the actual yield strength was higher than nominal yield strength, and it 
reached 430Mpa; (2) The stress-strain curve of thin steel sheet had obvious 
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yield plateau, and long stress strengthening phase, the material exhibited 
good ductility and plastic development ability. 
Setup of test 
The test was completed in structure laboratory of Department of Building 
Engineering, Tongji University, the equipments were jack and counter-
frame. The loading of vertical force used oil jacks of 50t measurement 
range, the horizontal load also used pushing and pulling jacks of 50t mea-
surement range, the maximal stroke of jacks was ± 250mm, the height of 
horizontal counter-frame was 6m. The entire loading process applied ma-
nual control, the test devices were shown in fig.2. The vertical load applied 
on the midpoint of distribution beam with oil jack, the horizontal loading 
beam on top of the wall specimen acted as a rigid beam, it transferred the 
concentrated load from up distribution beam to uniform load. On the top of 
vertical loading jack, there was a rolling instrument, it can rolled along the 
counter-force beam, so the relative position of vertical load to shear wall 
specimens did not change during test process At the end of top loading 
beam, there was an end plate with screw holes to connect with horizontal oil 
jack and achieve cyclic loading scheme. The test data was collected by data 
acquisition instrument. Assistant devices were designed to restrict the bot-
tom of specimen edge and reduce relative slip between wall specimen and 
the pedestal beam. The test devices and data acquisition instrument were 































1       
             (a) Sketch map                                                              (b) whole device              
  Fig.2 Setup of test  
Measuring points  
In the test, displacement meters and strain gauges were arranged on wall 
specimen, the deformation in different positions of specimen was expected, 
and the data can be converted to the net shear deformation of structure. The 
layout scheme of sensors was shown in Figure 3 (a), Strain gauges were ar-
ranged on mid span of both side wall studs to test the axial strain of studs in 



























D10Strain Gauge Strain Gauge
(D10)
            
(a) layout of sensors                            (b) displacement meter             (c) strain gauge 
Fig.3 Sensors    
Loading cases 
 (1) Monotonic loading process: Firstly, the vertical load was applied and 
keep constant, then horizontal load was applied in the incremental grade of 
2kN, the load-displacement P-Δ curve was observed and recorded through 
data acquisition instrument. When the slope curve changed significantly, 
displacement control loading was applied instead of force control loading, 
until the destruction of test sample and test finished.  
(2) Cycle loading process: Firstly, the vertical load was applied and 
keeping constant, according to test results of monotonic loading, horizontal 
yield displacement Δy of specimen was determined approximately. The 
yield load was divided into 4 levels and applied on specimen with single 
cycle, after yield load level, displacement control loading was applied in-
stead of force control loading, each level was increased with 1/2Δy dis-
placement and three cycles, until the failure of sample and test finished.                                        
Test phenomena  
The steel keel of wall specimens was assembled in situation of laboratory, 
the experimental phenomena was described respectively according to groups 
of test specimens.  
Wall specimens SW1 to SW9  
It could be seen from the observed phenomena, gypsum board was the typi-
cal brittle material with poor ductility, therefore, the failure of the specimens 
emerged from gypsum board firstly. When the loading level was not large, 
two gypsum boards at junction began to have relative rotation, and the rota-
tion displacement increased with load’s increasing. Gypsum boards at junc-
tion region extruded seriously, and the gypsum slag fell off much.  
Screws embedded into gypsum board due to insufficient strength of 
gypsum material, subsequently, down rails and edges of side studs expe-
rienced distortion failure. The self-tapping screws had apparent dislocation, 
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especially in the seams at the bottom. In the end, most of screws connected 
gypsum boards failed.  
The phenomena of low cyclic loading tests was basically the same as 
monotonic loading, the extrusion of gypsum boards occurred in the joint po-
sition, and regional failure of gypsum boards were found, stress concentra-
tion of board corner was clear, the failure phenomena of wall specimen 
SW3 was shown in Fig.4. Self-tapping screws were drilled into or pulled out 
of coated panels, while OSB board itself did not damage. In the structural 
system, resisting of overturning moment mainly relied on side stud and hold 
down devices, the moment finally converted to axial tension and compres-
sion force of side studs. When horizontal load level and lateral displacement 
was large, the edge studs yielded finally due to great overturning moment 
generated by horizontal and vertical load, and the self-tapping screws con-
necting hold-down devices and bottom edge of wall studs were pulled out, 
the specimen failed due to loss of anti-overturning ability. However, the 
hold-down device itself did not damage, which indicated that the strength 
and stiffness of hold-down device met seismic resistant requirements.  
          
(a)  extruding failure                           (b) failure at joint region         (c) yield of side stud          
Fig.4  Test phenomena of wall SW3 
In the test process, it can be found that opening holes of the specimens 
became stress concentration region , they were weak parts of composite wall 
structures. The failure modes of wall specimens were similar to standard 
specimens without openings, i.e., dislocation of panels at junction and extru-
sion failure. The 450 principal stress penetrating crack appeared in the open-
ing corner clearly, in sequence, the crack of upper side extended, which 
indicated the intensification stress was transferred along the oblique direc-
tion of opening corners. Figure 6 showed the phenomena of specimen SW4, 
with the increasing of horizontal load, opening holes region had serious de-
formation, from original rectangular shape to parallelogram. Self-tapping 
screws on both sides of wall head almost went into the gypsum board. 
The test showed that the phenomena of composite walls with openings 
were basically similar to that of walls without openings. Since the existence 
of the hole, its level of shear strength and stiffness decreased significantly 
relative to standard composite walls. Due to the up lintel of door and win-
dow openings, the shear force could be effectively transferred.  
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The location of opening holes had no apparent influence on mechanical 
property of composite walls from test phenomena of SW8 and SW9. Speci-
men SW9 set side door opening, due to the effective arrange of double studs 
at door side, hold down devices and lintel, no regional weakened part ap-
peared in the structure, and the position of door opening had little effect on 
shear strength of composite walls. Only the different phenomenon from pre-
vious test was that, for the opening rate increased, the ultimate bearing ca-
pacity of composite wall declined, so axial force transferred to side wall 
stud also decreased , the side studs did not yield in test process.  
     
(a) baroclinic stress concentration                 (b)  relative rotation      (c) deformation of opening   
                Fig.5  Test phenomena of wall SW4 
Wall specimens SW10 to SW12  
As for another common construction form of the composite walls, i.e., inte-
rior gypsum board plus outer ribbed corrugated sheet, specimens SW10 to 
SW12 were designed. Due to variation of coated panels, the failure modes 
also changed. Fig.6 showed the test phenomena of specimen SW10 to 
SW12, the failure modes of two specimens were similar. The original self-
drilling screws at the gypsum board junction had dislocation with each oth-
er, the gypsum boards extruded with each other seriously, screws embedded 
into gypsum board. At the same time, the bottom of left side stud expe-
rienced distortion, the ribbed corrugated steel sheets had been resulting in 
oblique shear ripple due to the existence of horizontal loads, the screw holes 
had rapid expansion in the connection region bearing large shear force, and 
steel sheet was torn, which resulted in connection failure, all the central self-
drilling screws fell off, and the flange of side steel stud yielded associated 
with crippling of sheet. As the out plane stiffness of gypsum board and 
ribbed corrugated steel sheet was significantly different, when the horizontal 
load increased, gypsum board experienced local rupture, and the stiffness 
decreased greatly, the panels can not provide adequate support for wall 
studs, finally, the studs destructed with overall instability, the total gypsum 
boards failed with fragmentation.  
406
  
                  
 (a) out of plane deformation and rupture          (b)  detachment of  corrugated sheet 
                          
   (c) shear buckling     (d) instability of wall studs       (e)  pulling out of hold down screws      
  Fig.6  Test phenomena of wall  SW10 to SW12 
Specimen SW12 with cyclic loading scheme had the similar failure 
modes with specimen SW11. Due to the presence of holes, failure modes of 
ribbed corrugated sheet had some change, because the overlap length of 
sheet was shorter, the seam was relatively weaker, the detachment  of corru-
gated sheets in the junction was very clear, the screw holes of side stud en-
larged, and the sheet was torn finally. As the existence of openings, the 
mechanism of load distribution had some change, and the limit load was rel-
atively small, the axial force of side wall studs was relatively small, the 
overall instability of wall studs did not appear.  
The phenomena of all the composite wall tests was summarized, four 
kinds of failure modes can be concluded: (1) connections between panel and 
steel frame; (2) crushing of gypsum board and shear buckling of corrugated 
steel sheet; (3) buckling of side wall stud; (4) detachment of hold-down de-
vice from wall stud, and invalidation of lateral resistant system. 
Test analysis 
Basing on the data of displacement meters and force transducer, the load 
(P)-displacement ( ) hysteretic curve, skeleton curve, ductility coefficient, 
energy dissipation coefficient and load bearing capacity results were stu-
died.  
Load-displacement curve  
The main data in this test was the horizontal shear force and displacement of 
wall specimen top. According to the original test data and conversion rules, 
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the net shear deformation of composite walls can be gained, and load-
displacement curves of test specimens can be drawn. Fig.7 (a) showed the 
typical load-displacement curves of wall specimens in monotone loading 
test, it can be seen, due to the presence of vertical loads, the load-
displacement curve had a significant descending stage. 


































           
(a)    SW2                                                         (b)  SW6 
    
  (c)  SW8                                                      (d)  SW12                  
Fig.7 Load-displacement curves of  typical wall specimens 
Fig.7 (b), (c) and (d) showed the typical load-displacement hysteretic 
curves of wall specimens in cyclic loading test. The major shapes of hyste-
retic curves for structure member included four forms：shuttle, arc , anti-S, 
and Z shaped, different failure mechanisms of structure members can be 
seen from the shape of hysteretic cycle; shear failure often emerged as S and 
Z shapes, this was called “pinch effect” in earthquake engineering. The 
load-displacement hysteretic curve of cold-formed thin-walled steel compo-
site walls also had similar property. To compare test results of monotonic 
loading and cyclic loading, the envelope of load-displacement curve, i.e., 
skeleton curve was drawn. 
From the above figure, it can be observed that all the hysteretic curves 
of composite walls had similar direction. The shape of hysteretic loop 
changed with the number of repeated load cycles, in elastic stage, the hyste-
retic curve was basically a straight line, the stiffness remained unchanged; 
when the load increased, the specimen gradually came into elastic-plastic 
stage, the hysteretic curve gradually became spindle shape, area of hysteret-
ic loop also increased significantly, residual deformation existed when un-
loading to zero. When load continued to increase, the hysteretic curve 
became bow-shaped, the area of hysteretic loop became larger, load-
displacement curves took on "pinch effect" phenomenon; when the load 
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achieved yield value, the area of hysteretic loop was more full, the hysteretic 
curve developed from bow-shape to anti-S shape, "pinch effect" was more 
obvious, this was because the self-tapping screw holes became tight and 
loose in test process due to extrusion of coated panels, when the holes be-
came tight, the stiffness of specimen went up at once, which was similar to 
"crack surface effect" in reinforced concrete structures. When shear defor-
mation was large, this phenomenon was obvious. In the damage phase of 
test, when the load achieved maximal value, the specimen had significant 
degradation of stiffness and strength, the slip distance of composite wall was 
large, the horizontal segment of hysteretic loop was long, the performance 
of hysteretic loop became Z-shaped and energy dissipation capacity of the 
wall was very low at this time. The shape and area of hysteretic loop can be 
used to measure energy dissipation capacity and failure mechanism of spe-
cimen, the reduction of hysteretic loop area indicated the degradation of 
energy dissipation capacity. From load-displacement skeleton curve of wall 
specimens, it can be seen that the structure under cyclic loading experienced 
the three stages of elasticity, yield and limit. 
Strain gauges were set on side keel studs of the composite wall speci-
mens in the test, to ensure the reasonable loading scheme and verify the dis-
placement meter data. In particular, for the wall specimens with door or 
window opening, strain gauges were also arranged on the side studs of 
opening. The rule of load-strain hysteretic curve accorded with load-
displacement curves well, which reflected the variational axial force of side 
wall studs in cyclic loading tests.  
Load-carrying capacity  
As for the experimental data obtained by load-displacement (P- ) curves, 
there was no obvious yield point, according to “Specification of test me-
thods for earthquake resistant building” (JGJ101-1996) , it prescribed the 
maximum load maxp of peak point in P-△  curve and corresponding defor-
mation max ; the ultimate load up was defined as 85% of maximum load 
in descending segment of the curve. The confirmation of yield load point in 
skeleton curve was according to the principle of reciprocal area, limited to 
the layout, the method was not explained in detail. Displacement ductility 
factor reflected the ductility of entire structure member, the ductility factor 
was defined as following formula: /u y    , which was the reflection 
of structural plastic deformation capacity, and also an important index to 
measure its seismic performance. 
The whole test results of the wall specimens were shown in Table 3. 
For wall specimen 1, due to improper connection mode between steel keel 
and coated panels, the failure mode and bearing capacity result was unrea-
sonable; for wall specimen 4, as the bottoms of coated panels contacted the 
pedestal firmly, the OSB board directly bare the toppling moment and trans-
ferred it to the pedestal, the decline segment of load-displacement curve was 
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not gained during test process, the result didn’t reflect the actual load bear-
ing capacity of wall structure, only the valid data was used in data 
processing.   
































  Ec 
SW1 — — — — — — — — — — 
SW2 32.8 10.0 44.9 16.5 61.2 45.2 52.1 52.9 3.21  — 
SW3 22.6 10.0 31.7 21.7 50.3 44.3 37.7 65.4 3.01  1.508 
SW4 — — — — 55.6 65.3 — — — — 
SW5 24.0 10.0 40.4 30.6 53.6 78.0 49.7 101.9 3.33  — 
SW6 12.6 10.0 36.8 33.2 54.9 40.7 34.6 96.0 2.89  1.598 
SW7 17.0 10.0 21.6 20.6 30.6 53.9 26.0 57.1 2.77  1.796 
SW8 10.2 10.0 14.7 22.7 19.6 60.0 16.7 87.0 3.83  1.841 
SW9 12.8 10.0 17.2 18.0 23.6 39.8 20.1 52.8 2.93  1.667 
SW10 12.9 10.0 33.0 13.3 39.1 32.1 33.2 48.0 3.61  — 
SW11 15.7 10.0 33.1 26.9 42.5 59.9 36.2 71.9 2.67  1.765 
SW12 13.5 10.0 19.0 22.2 26.8 58.9 22.8 65.2 2.94  1.755 
The full-scale models of composite shear wall tests completed by Zhou 
Tian-hua (2006), Guo Peng (2008) and Xiong Zhigang (2008) contained dif-
ferent kinds of coated panels, i.e., gypsum board, OSB board, and ribbed 
corrugated sheets. The results showed that, the shear strength of specimens 
was between 12 to 14kN/m, and the shear strength of wall specimen in cyc-
lic loading test was 10% lower than that of monotonic loading tests. The 
ductile coefficients of shear wall were between 3.08 to 3.84, and the energy 
coefficients E were about 1.0. In seismic fortification zone of China, ductili-
ty requirements must be met to achieve the principle of "no collapse under 
rare earthquake", ductility coefficient is the important parameter used to in-
dicate the plastic deformation of structure component.  
From the above table, it can be seen that, for specimens with opening, 
the shear strength and stiffness was lower than whole wall specimens, but 
ductile coefficient was higher, shear strength of wall specimens in cyclic 
loading test decreased about 10% ~ 25% grade compared with those in mo-
notonic loading. The test data showed that, when the hole size was larger, 
the limit displacement was also relatively large. It was due to the change of 
limb slenderness ratio for the composite wall. When the opening area was 
large, it means that slenderness ratio of single wall limb was greater, so the 




Full-scale model test was the effective method to study shear capacity of 
cold-formed thin-walled steel composite walls, the test in this paper con-
tained wall specimens with different opening sizes. The following conclu-
sions can be gained through test phenomena and data analysis:  
(1) The destruction of wall specimens occurred in the connections of 
coated panels and wall studs, extrusion destruction of the coated panels, 
slippage, tilting and pulling out of self-drilling screws. For cold-formed steel 
composite walls, the panels provided effective lateral support for wall studs, 
so when connections failed, shear strength and stiffness of wall specimen 
reduced. The horizontal joint of rib corrugated sheets, vertical joints of OSB 
boards and gypsum boards were weak parts for shear behaviour of compo-
site walls, it was recommended that panel joints were as less as possible. 
Double open c-shape studs were proposed to set on both sides of wall edges 
and opening hole. 
(2) The ribbed corrugated steel sheet experienced shear wave and large 
out-plane deformation due to shear buckling in test process. In practical en-
gineering, it was proposed that the rib height of steel sheet was increased to 
improve the out of plane stiffness and reduce bulge deformation.  
(3) The failure phenomena of wall specimens under cyclic loading 
were serious than those under monotonic loading test, and the shear strength 
reduced. From the test results, displacement ductility factors of composite 
walls with double sides panels were between 2 to 4, which accorded with 
completed experimental research. The energy dissipation coefficients of 
composite wall specimens were between1.5 to 2, the energy consumption of 
composite walls mainly relied on the relative deformation between steel keel 
studs and coated panels.  
(4) The change in hole sizes will change the slenderness ratio of single 
wall limb, with increase of wall limb slenderness ratio, deformation shape 
took on bending type, so the displacement limits of composite walls became 
greater. The strength and stiffness of composite walls was basically propor-
tional to the effective length, opening holes caused decrease of strength and 
stiffness, however, the ductility factors were greater than the whole compo-
site walls.  
(5) Test results of monotonic loading and cyclic loading were com-
pared, the loading scheme had little effect on initial stiffness, the difference 
of initial stiffness value was no more than 20%. The situation of ductility 
factor was similar, it had 10% ~ 25% decrease in cyclic loading test. As for 
maximal shear strength, the maximal load-carrying capacity in cyclic load-
ing test had the decline of 20%-30% comparing with monotonic loading 
test.  
Limited to the layout, some other theoretical analysis fruit was not de-
scribed in this paper. Based on current research, further study of cold-
formed steel composite wall structures can be carried out, to investigate the 
seismic analysis method under rare earthquake:  
(1) The shear properties of cold-formed steel composite walls included 
many factors, other factors such as the height-to-width ratio of wall, spacing 
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of wall studs, sections of wall studs, etc., remains to be investigated by  
model test and theoretical analysis. 
 (2) To further study various parameters affecting seismic performance 
of composite walls and establish the macro restoring model of shear walls 
with openings, and to verify the rationality by full-scale model test and nu-
merical validation, endeavor to integrate the model into whole structure and 
perform non-linear static and dynamic time-history analysis. 
Notation 
fy             = yield strength (MPa) ; 
fu             = ultimate tensile strength (MPa); 
E             = Young’s modulus (MPa); 
P             = horizontal load (kN); 
            = net shear deformation of wall specimen (mm);             =displacement ductile coefficient; 
Ec            = energy dissipation coefficient; 
P300                = load corresponding to 1/300 story height deformation (kN); 
△ 300             = shear deformation corresponding to 1/300 story height(mm) 
; 
Py            = defined yield load of wall specimen  (kN); 
△ y                  = defined yield displacement of wall specimen (mm); 
Pmax                = maximal load of wall specimen (kN); 
△ max              = displacement corresponding to maximal load point (mm); 
Pu                      = ultimate load of wall specimen (kN); 
△ u           = displacement corresponding to ultimate load point (mm); 
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